The fabrication and realization of single mode GaN-based nanowire lasers is presented, using a number of techniques, including geometry control, coupled nanowire pairs, placement onto a gold substrate, and distributed feedback.
III-nitride nanowires are gaining interest as potential ultracompact and low-power nanoscale lasers in the UV-visible wavelengths. 1 While GaN nanowire lasers typically operate in a combined multi-longitudinal and multi-transverse mode state, single-mode lasing is desired for applications needing high beam quality and spectral purity. Here we introduce multiple schemes for controlling the optical mode and the polarization of GaN nanowires lasing under optical pumping. GaN nanowires were synthesized by a twostep "dry plus wet" top-down technique to create nanowires with precisely controlled geometries. 2, 3 Briefly, a dry etch mask consisting of a hexagonal close-packed monolayer of 3 µm silica microspheres was first deposited onto a c-plane GaN epilayer grown on sapphire substrates. After a Cl-based plasma etch, a vertical array of tapered GaN pillars is formed on sapphire substrates. A KOH-based anisotropic wet etch was then employed to create hexagonal GaN nanowires with straight and smooth mplane {10-10} sidewalls, as shown in Fig. 1 . The length and the diameter of the nanowires could be controlled by the thickness of the GaN epilayer and the wet etch time, respectively. As the dimensions were reduced to a critical value, the nanowire lasing behavior transitions from multiple-to single-mode. Simulations indicate that single-mode lasing arises from the interplay between narrow gain bandwidth and strong mode competition at low dimensions. 3 For nanowires with larger dimensions, we demonstrate three alternative methods to realize single mode lasers. The first method involves placing two nanowires side-byside in contact using a nanoprobe. The resulting coupled cavity generates a Vernier effect, which dramatically increases the free spectral range between adjacent resonant modes, giving rise to the single-mode operation, as shown in Fig. 2 . 4 For the second method, single-mode lasing is achieved by placing GaN nanowires onto gold substrates. The nanowire-gold contact generates a modedependent loss, which can strongly attenuate higher modes and ensure single-mode operation. 5 Interestingly, an increase in lasing threshold of only ~13% is observed when the nanowire is placed onto gold, suggesting that certain metal contacts may not be as detrimental to the optical properties as might be expected. Additionally, the coupling of the GaN nanowires to an underlying gold substrate allows for lasing polarization control. The substrate breaks the symmetry of the nanowire geometry and generates an inherent polarization-sensitive loss. Finally, in a third method, we demonstrate distributed feedback mode selection in a single gallium nitride nanowire by coupling the nanowire to an external dielectric grating as shown in Fig. 3 . 6 Single-mode nanowire lasing with a mode suppression ratio of 17dB was achieved when the nanowire was oriented to align the spectral location of the stop-band to the optical gain bandwidth of GaN. 
